
DATA EVALUATION RECORD 
DATA CALL-IN 

CASE GS D I S C  3 0  T O P I C  GUIDELINE 4 0  CFR 1 6 1 - 1  ..................................................................... 
CH EM METHYL BROMIDE 

BRANCH EAB DISC-- 
---' 

FORMULATION 0 0-ACTIVE INGREDIENT 

0 1$7 7lp 
1 FICHE/MASTER I D  NO FICHE CONTENT CAT -- 0 1  

A h y d r o l y s i s  s t u d y  w i t h  m e t h y l  b r o m i d e .  S tudy  No.  W i l l  - 4 9 0 0 3 .  
I R e s e a r c h  R e p o r t ,  A n a l y t i c a l  85: 1, Jan.13,  1 9 8 4 .  U n p u b l i s h e d  repor t  
1 

! S u b m i t t e d  by G r e a t  L a k e s  C h e m i c a l  C o r p .  A c c .  No.  257447. ..................................................................... 
\ 

SUBST. CLASS = 

DIRECT RVW TIME = ( MH ) START-DATE END DATE 

REVIEWED BY: H u d s o n  L ,  B o y d  
T I T L E :  C h e m i s t  

ORG: ~ e v i e w  Sec t ion  3 ,  EAB 
""/TEL: , iZ &L 

SIGNATURE : DATE: @/7/4 - 
..................................................................... 
APPROVED BY: 

T I T L E :  
ORG : 

LOC/TEL: 
Y 

SIGNATURE : DATE : 

CONCLUSION : 

1. T h i s  s t u d y  is s c i e n t i f i c a l l y  v a l i d .  

2 .  M e t h y l  b r o m i d e  h y d r o l y s e s  t o  m e t h a n o l ,  i n o r g a n i c  b r o m i d e ,  and t w o  
u n k n o w n  c o m p o n e n t s ,  p r i n c i p a l l y  t h e  f i r s t  t w o  a& a n  average r a t e  
O f  1 . 4 m g  m e t h y l  brmide / l i t r e  of H 2 9 / d a y  a t  25 C.  A p p a r e n t l y  
h y d r o l y s i s  is n o t  p H  dependen t  a t  25 C. 
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3.   his s t u d y  p a r t i a l l y  f u l f i l l s  EPA Data  Requ i r emen t s  f o r  R e g i s t e r i n g  
p e s t i c i d e s  ( 1 9 8 3 )  b y  p r o v i d i n g  d a t a  on  t h e  h y d r o l y s i s  of m e t h y l  
b romide  p e r  G u i d e l i n e s  s e c t i o n  161-1. 
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BROMOMETHANE , METHYL BROMIDE 

I MATERIALS AND METHODS 

T h r e e  e x p e r i m e n t s  were s e t  up  t o  f o l l o w  t h e  h y d r o l y s i s  of 
m e t h y l  b romide  ( M B r )  a t  e i t h e r  pH 5 ,  7  o r  9.  Each e x p e r i m e n t  
u t i l i z e d  a  series of 500 m l  ( a c t u a l l y  555m1) E r l enmeye r  f l a s k s  
e q u i p p e d  w i t h  screw c a p s  m o d i f i e d  w i t h  h o l e s  i n t o  which were 
f i t t e d  T e f l o n  l i n e r s  which s e r v e d  a s  s e p t a .  By means of t h e  
s p e t a  MBr c o u l d  be  added  and  s a m p l e s  removed f rom t h e  f l a s k s  
w i t h o u t  removing t h e  c a p s .  F l a s k s ,  c a p s ,  b u f f e r  and m e a s u r i n g  
c y l i n d e r s  were s t e r i l i z e d  by a u t o c l a v i n g  ; h y d r o l y s i s  o f  MBr a t  
a b o u t  70-100 ppm i n  t h e  b u f f e r  was f o l l o w e d .  

pH 5  b u f f e r  ( a c t u a l l y  pH 4  - 9 0 )  was p r e p a r e d  w i t h  sodium 
a c e t a t e ,  water, and  g l a c i a l  a c e t i c  a c i d .  B u f f e r  of a p p r o x i m a t e l y  
p ~  7 was a l s o  p r e p a r e d  w i t h  a c e t a t e  and  measured  t o  be  pH 6.90.  
pH 9  b u f f e r  ( a c t u a l l y  pH 8 .85)  was p r e p a r e d  w i t h  anhydrous  
d i p o t a s s i u m  p h o s p h a t e  and  w a t e r .  A s  s t a t e d ,  e a c h  b u f f e r  was 
s t e r i l i z e d  by a u t o c l a v i n g  p r i o r  t o  u s e .  

A p r i m a r y  MBr s t a n d a r d  was p r e p a r e d  f rom Linde  g a s  of  99.5% 
p u r i t y  b y  t r a n s f e r r i n g  1 .0  m l  MBr  t h r o u g h  t h e  s ep tum i n t o  a  4320 m l  
b o t t l e  f i l l e d  w i t h  a i r  ( c o n c  = 981 ng/ml a i r ) .  By means of  a n  a i r  
t i g h t  s y r i n g e  5.0 m l  o f  t h i s  p r i m a r y  s t a n d a r d  was t r a n s f e r r e d  t o  
o n e  of t h e  E r l enmeye r  f l a s k s  ( c o n c  = 8.84 ny/ml a i r ) .  T h i s  f l a s k  
t h e n  c o n t a i n e d  a  work ing  s t a n d a r d  o f  MBr .  

A s t a n d a r d  of m e t h a n e  ( f r o m  h o u s e  l i n e )  i n  m e t h a n o l ,  HPLC 
g r a d e ,  ( c o n c  = 0.25 ug/ml)  was p r e p a r e d  d a i l y .  

A c i d i c  a c e t o n i t r i l e  was p r e p a r e d  by a d d i n g  1 5  m l  o f  0.6N 
H2S04 t o  7 5  m l  C 2 H 3 N  i n  a  s e p a r a t o r  and a d d i n g  5 g  ( N H 4 l 2  SO4, 
removing t h e  u p p e r  p h a s e  and d r y i n g  i t  w i t h  a n h y d r o u s  sod ium 
s u l f a t e .  S u f f i c i e n t  volumes of  t h i s  ace t ic  a c e t o n i t r i l e  were 
added  t o  2-bromoethanol  t o  p r e p a r e  a work ing  s t a n d a r d  of  t h e  
l a t t e r  ( c o n c  = 0.88 ug /ml ) .  



E t h y l e n e  o x i d e  was added t o  9 6  m l  a c e t o n i t r i l e  t o  b r i n g  t h e  
volume t o  100 m l .  T h i s  s o l u t i o n  was p r e p a r e d  d a i l y .  

On e a c h  day  of  a n a l y s i s  chromatography  of  s t a n d a r d  s o l u t i o n s  . 
was checked  on e a c h  ch roma tograph ;  r e s u l t a n t  chromatograms were 
c o n s i d e r e d  t o  be  raw d a t a .  Two t y p e s  of s amples  (known volumes 
f rom h e a d s p a c e  and  aqueous  s o l u t i o n s  d i l u t e d  w i t h  MeOH) were 
a n a l y z e d  by g a s  chromatography .  

I n  p r e l i m i n a r y  work s i m i l a r  r e s p o n s e s  were o b t a i n e d  w i t h  
e i t h e r  a i r  o r  l i q u i d  s a m p l e s  c o n t a i n i n g  M B r  so s t a n d a r d s  p r e p a r e d  
i n  a i r  were used  t o  q u a n t i t a t e  a l l  a n a l y s e s .  V a r i a n  Model 3700 
w i t h  6 3 ~ i  EC d e t e c t o r ,  a  g l a s s  column ( 2  m x  2  mmid) packed w i t h  10% 
Carbowax 20M o n  Chromasorb WHP was used .  C a r r i e r  g a s  was h i g h  
p u r i t y  N w i t h  a  f l o w  r a t e  of 30 cc/min.  Column oven ,  i n j e c t o r  
and d e t e c t o r  t e m p e r a t u r e s  were 6 0 ° ,  lSOO,  and  340°C r e s p e c t i v e l y .  - 
MBr r e t e n t i o n  time was a b o u t  0.4 min .  

~ n o r g a n i c  bromide  ( i B r )  was d e t e r m i n e d  by t h e  method o f  
Heuse r  and Scudamore ( 1 9 7 0 )  i n  which t h e  i B r  was r e a c t e d  w i t h  
e t h y l e n e  o x i d e  t o  p r o d u c e  2-bromoethanol  which was t h e n  measured 
q u a n t i t a t i v e l y  b y  g a s  chromatography .  F o r  t h e s e  a n a l y s e s ,  t h e  
i n s t r u m e n t  was a  T r a c o r  Model 222 w i t h  a  6 3 ~ i  EC d e t e c t o r .  The 
column was packed  a s  men t ioned  b e f o r e  w i t h  10% Carbowax 20M o n  
Chromosorb WHP 80/100.  Again  t h e  c a r r i e r  g a s  w a s  n i t r o g e n  b u t  
t h e  o v e n ,  i n j e c t o r  and d e t e c t o r  t e m p e r a t u r e s  were 1 4 0 ° ,  lSOO and 
3  2S°C r e s p e c t i v e l y  . The r e t e n t i o n  t i m e  f o r  b romoe thano l  was 
a b o u t  2.1 min.  5 u l  a l i q u o t s  o f  unknown i s o l a t e s  a n d  s t a n d a r d  
s o l u t i o n s  were chromatographed  - a c e t i c  a c e t o n i t r i l e  was used  a s  
a  d i l u e n t  a s  r e q u i r e d .  

Fo l lowing  t h e  a n a l y s i s  f o r  MBr a  second  p r o c e d u r e  was f o l l o w e d  
t o  d e t e r m i n e  whe the r  or  n o t  t h e r e  were d e g r a d a t e s  s u c h  a s  methane  
and  me thano l  which m i g h t  n o t  be  d e t e c t e d  by e l e c t r o n  c a p t u r e  b u t  
m i g h t  be  d e t e c t e d  by a  f lame i o n i z a t i o n  d e t e c t o r  ( F I D ) .  F o r  
t h e s e  a n a l y s e s  a  V a r i a n  3700 w i t h  F I D  and  a  g l a s s  column (2m x 2mmid) 
packed  w i t h  3% SP-1500 o n  80/120 Carbopak B ( S u p e l c o )  was u s e d .  
High p u r i t y  N a t  a  f l ow r a t e  of 20 cc/min and d e t e c t o r  a i r  and 
hydrogen  a t  300 cc /min  and 30 cc /min ,  r e s p e c t i v e l y ,  were a l s o  
u s e d .  Column oven ,  i n j e c t o r ,  and d e t e c t o r  t e m p e r a t u r e s  were 
1 0 0 ° ,  lSOO,  and  340°C a n d  methane  and me thano l  r e t e n t i o n  t i m e s  of  
a b o u t  0.6 and  0.9 min were e x p e r i e n c e d .  

EXPERIMENTAL 

A s  p r e v i o u s l y  s t a t e d ,  t h e  h y d r o l y s i s  of MBr was f o l l o w e d  a t  
e i t h e r  pH 5 ,  7 ,  o r  9 ,  u t i l i z i n g  a  series of f l a s k s  f rom which 
s a m p l e s  c o u l d  b e  removed from t h e  h e a d s p a c e s  w i t h o u t  open ing  t h e  
f l a s k s .  Expe r imen t s  were r u n  unde r  s t e r i l e  c o n d i t i o n s  and t h e  
h y d r o l y s i s  of MBr  was f o l l o w e d  a t  a  c o n c e n t r a t i o n  of a b o u t  70-100 
ppm i n  t h e  b u f f e r .  



MBr was bubb led  t h r o u g h  t h e  p r o p e r  b u f f e r ,  d i l u t e d ,  and  
a n a l y z e d .  A d d i t i o n a l  f l a s k s  were se t  up  t o  c o n t a i n  b u f f e r  o n l y .  
~ l l  f l a s k s  were s t o r e d  i n  t h e  d a r k  a t  e i t h e r  2S°C or  3S°C. A t  
s e l e c t e d  t i m e s  o v e r  a  30-day p e r i o d  i n d i v i d u a l  f l a s k s  were removed . 
f rom s t o r a g e  and a n a l y z e d  a s  f o l l o w s :  

1) A s a m p l e  w a s  removed from t h e  h e a d s p a c e  t h r o u g h  t h e  
sep tum and  a n a l y z e d  f o r  MBR and  d e g r a d a n t s .  

2 )  A s e c o n d  sample  was removed a s  d e s c r i b e d  and  a n a l y z e d  
f o r  methane ,  m e t h a n o l ,  and  d e g r a d a n t s .  

3 )  The f l a s k  was opened and a  sample  of t h e  b u f f e r  was 
removed and  a n a l y z e d  f o r  MBr and  d e y r a d a n t s .  

4 )  A s e c o n d  sample  of t h e  b u f f e r  s o l u t i o n  was a n a l y z e d  
f o r  me thano l  and o t h e r  d e g r a d a n t s .  

5 )  A t h i r d  sample  from t h e  b u f f e r  s o l u t i o n  was a n a l y z e d  
f o r  i B r .  S o l u t i o n s  from c o n t r o l  f l a s k s  were a n a l y z e d  
f o r  i B r  o n l y .  Amounts of components  i n  t h e  h e a d s p a c e  
and t h e  s o l u t i o n s  were c a l c u l a t e d  a s  w e l l  a s  t h e  t o t a l  
amounts  i n  e a c h  f l a s k .  

A n o t h e r  e x p e r i m e n t  was conduc ted  t o  d e t e r m i n e  p o s s i b l e  l o s s e s  
o f  MBr  f rom f l a s k s  by  d i f f u s i o n .  F o r  t h i s ,  a  ser ies  of  f l a s k s  
c o n t a i n i n g  o n l y  a i r  were c l o s e d  and  a  measured  amount of  MBr was 
added t h r o u g h  t h e  sep tum o f  e a c h  f l a s k .  A t  i n t e r v a l s ,  s amples  of  
a i r  were removed and a n a l y z e d  f o r  MBr .  

RESULTS : 

A t  a l l  t h r e e  pH c o n d i t i o n s  MBr was found t o  be  p r e s e n t  i n  
t h e  h e a d s p a c e  of i n d i v i d u a l  f l a s k s .  A p p a r e n t l y  MBr d i f f u s e d  from 
t h e  b u f f e r  i n t o  t h e  h e a d s p a c e ( s )  . Some f l a s k s  c o n t a i n e d  more 
MBr t h a n  t h o s e  sampled  e a r l i e r ,  i n d i c a t i n g  d i f f u s i o n  from h e a d s p a c e  
t h r o u g h  or a round  t h e  s e p t a .  

Based upon a  d e c r e a s e  i n  MBr a t  a l l  pH c o n d i t i o n s  and  a t  
b o t h  t e m p e r a t u r e s  w i t h  c o n c u r r e n t  i n c r e a s e  i n  amounts o f  i B r  and 
a p p e a r a n c e  of MeOH i t  was e v i d e n t  t h a t  h y d r o l y s i s  o c c u r r e d  i n  a l l  
c a s e s .  L e s s  M B r  remained  i n  f l a s k s  a f t e r  30 d a y s  a t  3S°C t h a n  a t  /'/'A=$ > 

25OC. C o n f i r m a t i o n  of t h e  loss  of  MBr by d i f f u s i o n  was made by 
t h e  a n a l y s i s  o f  s amples  f rom f l a s k s  c o n t a i n i n g  o n l y  a i r  and  MBr. 
When t h e  c o n c e n t r a t i o n  r e a c h e d  a b o u t  6 m y / f l a s k  i t  a p p e a r e d  t h a t  
e q u i l i b r i u m  had been  e s t a b l i s h e d .  I t  was c l e a r  t h a t  t h e  b e s t  
c r i t e r i o n  f o r  j udg ing  h y d r o l y s i s  was i n  t h e  i n c r e a s e  i n  f o r m a t i o n  
of  i B r  which was a l m o s t  l i n e a r  w i t h  t i m e  f o r  t h e  f i r s t  1 0  d a y s .  
R a t e s  were c a l c u l a t e d  from v a l u e s  o b t a i n e d  o v e r  t h e  f i r s t  4 d a y s ;  
a t  2S0 C i t  d i d  n o t  a p p e a r  c h a t  h y d r o l y s i s  was pH d e p e n d e n t  and  
a n  a v e r a g e  was 1 . 4  my M B r / l i t r e  of wa te r /day .  A t  35OC r a t e s  
a p p e a r e d  t o  b e  3 t o  5  t i m e s  h i g h e r  and  t h e r e  was a  s u g g e s t i o n  
t h a t  t h e  r a t e  a t  pH 5  m i g h t  be s l o w e r  t h a n  a t  pH 7 o r  9 .  
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DISCUSSION 

Al though  it was c l e a r  t h a t  e x t e n s i v e  d e g r a d a t i o n  of  MBr 
o c c u r r e d  by h y d r o l y s i s  unde r  t h e  t h r e e  aqueous  pH c o n d i t i o n s  
of  t h e  e x p e r i m e n t s  t h e  c o m p l e x i t y  o f  t h e  a c t i v i t i e s  and t h e  
v o l a t i l i t y  o f  o f  ~ 6 r  p r e c l u d e d  p r e c i s e  c a l c u l a t i o n s  of  r a t e s  
o f  h y d r o l y s i s .  The f o l l o w i n g  a c t i v i t i e s  were o c c u r r i n g :  

a .  d i f f u s i o n  o f  MBr f rom t h e  aqueous  s o l u t i o n s  t o  
t h e  h e a d s p a c e ( s )  . 

b .  d i f f u s i o n  of MBr f rom t h e  h e a d s p a c e ( s )  o u t  of  t h e  
f l a s k s ,  e i t h e r  a r o u n d  t h e  s e a l s  o r  t h r o u g h  t h e  s e p t a .  

c .  h y d r o l y s i s ,  p r o d u c i n g  m e t h a n o l  and  i B r  i n  t h e  s o l u t i o n s .  

2 .  A l though  d a t a  p roduced  were v a r i a b l e ,  l e n d i n g  c o n f u s i o n  i n  
t h e i r  i n t e r p r e t a t i o n ,  e a c h  d a t a  p o i n t  r e p r e s e n t e d  o n l y  o n e  
f l a s k .  T h i s  t e n d e d  t o  c o r r e c t  f o r  t h e  v a r i a b i l i t y  r e s u l t i n g  
from d i f f u s i o n .  




